Introduction
============

Breast cancer is the most common malignancy in women, with over 229,000 cases annually in the United States \[[@B1]\]. While the overall incidence of breast cancer among African American women (114.7 cases per 100,000) is lower than that for Caucasian women (121.7 cases per 100,000 \[[@B2]\]), significant disparities in the presentation and outcome exist between these two groups. Breast cancer in African American women presents at a younger age, presents at a more advanced stage with more aggressive histologic characteristics, and is associated with a worse survival for all stages and at all ages than that of Caucasian women. Many biological and nonbiological factors are felt to contribute to these disparities. Significant differences have been identified in the biological properties between Caucasian and African American women in the plasma levels of growth factors and hormones \[[@B3]\], in reproductive factors \[[@B4]-[@B7]\], in susceptibility loci \[[@B8]-[@B10]\], and in primary tumor characteristics, including the presence and expression of steroid and growth factor receptors \[[@B7],[@B11]-[@B16]\], cell cycle proteins \[[@B17]-[@B21]\], tumor suppressor genes \[[@B21],[@B22]\], and chromosomal abnormalities \[[@B23]\]. These differences have the potential to influence, or even explain, multiple aspects of the disparities and outcomes for breast cancer between these two ethnic groups. Many of these molecular changes, especially estrogen receptor (ER) and triple negative (TN) status \[[@B7],[@B11]-[@B16]\], expression of p16 \[[@B17]-[@B19]\], cyclins D and E \[[@B17]-[@B21]\], and the tumor suppressor genes *p53*\[[@B22]\] and *RASSF1A*\[[@B21],[@B24]\], have been studied for their effect on survival; however, their role in defining the other disparities - age of onset, stage of presentation, and aggressive histologic features - has not been addressed. An understanding of these molecular differences and how they contribute to each of the four disparities is critical to formulating a comprehensive understanding of the marked differences in development, presentation, and outcome of breast cancer between Caucasian and African American women. The nonbiological factors have been studied more extensively and include differences in reproductive factors, socioeconomic characteristics, access to health care and mammography, delivery of treatment modalities, psychological/behavioral/cultural factors, and comorbidities. The nonbiological factors may act to inhibit these processes, such as through breast-feeding or breast cancer treatment, they may act to facilitate the biological activity or disparity, such as through a delay in diagnosis, or they may represent a confounding factor that is associated with both the biological factor and the disparity. Many of these non-biological factors are modifiable, and when effectively addressed may lead to improvement in outcome. Importantly, an understanding of both biological and non-biological factors and their interaction is necessary to design effective and comprehensive management programs, especially those that might be tailored to ethnic-specific differences in outcome. The present review has been undertaken to examine the differences in biological characteristics of breast cancer in African American and Caucasian women, how they may contribute to each of the four categories of disparities - age of onset, stage of presentation, histologic characteristics, and survival -and how they are influenced by the nonbiological factors that are felt to contribute to the disparity, providing a comprehensive view of the development and outcome of the disparity. A model is proposed to indicate the nature of the interaction of biological and nonbiological factors on the disparities both to understand their relationship and to guide future efforts.

Materials and methods
=====================

Articles for this review were identified through a Pubmed search conducted using the following queries: African American or Black breast cancer, breast cancer disparities, African American or Black breast cancer age of onset, stage, histologic features, survival, breast cancer and race or ethnicity. Articles were also identified through cross-references. Studies examining United States, European or African-based populations were included. An attempt was made to include all relevant references examining clinical aspects of the disparities and potential contributing biological and nonbiological activities and their analysis. For review of nonbiological factors, hazard ratios, odds ratios (ORs) and confidence intervals (CIs) are included when available. The specificity of nonbiological factors for which adjustments were made in the analysis of outcomes for disparities was identified and indicated. The designation of the proposed manner in which biological abnormalities influenced the outcome of individual disparities was based on evidence of the biological activity and supporting articles for that activity. The development of the model and the proposed manner in which the nonbiological factors influenced the biological activities and the disparities (promote/inhibit, facilitate, confounding factors), as indicated in the model, is the author\'s interpretation.

A model for the initiation and development of breast cancer disparities in African American versus Caucasian women
==================================================================================================================

The development and outcome of the four major breast cancer disparities between African American and Caucasian women are influenced by a variety of biological and nonbiological factors. To promote an understanding of these factors and how they interact, a model is proposed depicting the relationship of the disparities, the biological factors, and the nonbiological factors to each other (Figure [1](#F1){ref-type="fig"}). The four major disparities are indicated at the top of the figure. Multiple biological abnormalities have been identified in the primary breast cancer of African American women to a greater extent than in Caucasian women, and these are considered to be important contributors to the disparities. These abnormalities, alone or in combination, may contribute to the earlier onset, advanced stage, more aggressive histologic features, and worse survival of the breast cancers. Concomitantly, a variety of nonbiological factors have been identified that are more frequent in African American women and that have the potential for influencing the tumor biological activities and each of the disparities. These nonbiological factors are organized according to how they are considered to influence these events, although there may be overlap between the nonbiological factors of different categories. The nonbiologic factors may act: i) to either promote or inhibit biological activities and disparities, such as through the action of reproductive factors or treatment, respectively; ii) to facilitate biological activities and disparities, such as through a delay in diagnosis; or iii) as confounding factors driving the association between the biological factor and the disparity, such as socioeconomic factors. The nonbiological factors are depicted in three separate but overlapping circles to indicate that they may have different patterns of influence but that they may also interact with each other to further promote the disparity. The direction of influence is indicated by the arrows. This model emphasizes the role of the biological and nonbiological factors and the interaction between them in influencing the development and outcome of the disparities. The nonbiological factors are considered to influence the disparities primarily through their influence on the biological activities, although a more direct influence on the disparity is also possible. These relationships, and the versatility of each biological and nonbiological factor to influence different, and multiple, disparities will be reviewed in the following sections to suggest a comprehensive picture of the events responsible for the differences in breast cancer outcome in African American versus Caucasian women.

![**A model for the initiation and development of breast cancer disparities in African American versus Caucasian women**. The model depicts the relationship of biological abnormalities that occur to a greater extent in the tumors of African American women, and nonbiological factors that are more frequent in African Americans, in the initiation and development of breast cancer disparities. The biological activities are considered to be the main contributing factors to the type and outcome of the disparities. The nonbiological activities are considered to influence primarily the biological activities, and are organized according to what is considered to be the main manner of influence on the biological activities - to promote or inhibit, to facilitate, or to act as confounding factors. It is through this influence on biological activities that the nonbiological factors influence disparity outcome. The nonbiological factors may also influence the disparity directly, although this is considered to be less common. The nonbiological factors are depicted in overlapping circles to indicate that they may interact with each other, and the nonbiological factors may act alone or in combination to influence these outcomes. ER, estrogen receptor.](bcr3429-1){#F1}

Early age of onset of breast cancer
===================================

Evidence for presentation with breast cancer at an earlier age in African American women
----------------------------------------------------------------------------------------

African American women present with breast cancer at an earlier age than Caucasian women (median age 54 versus 61 years, respectively) \[[@B2],[@B25]-[@B28]\]. This is particularly striking for young African American women, where among women aged \<35 years, significant predictors of breast cancer risk include African American race (relative risk 2.66, 95% CI 1.4 to 4.9) \[[@B29]\]. This is consistent with the analysis of a five-state registry by Johnson \[[@B30]\], who found more than 10% of breast cancer cases in African American women were diagnosed at \<40 years of age versus 5% in white women (*P*\< 0.001), and SEER data indicating an age-specific incidence rate in the 30 to 39 years age group of 48.36/100,000 (95% CI 44.78 to 52.15) for African Americans versus 40.79 (95% CI 39.45 to 42.18) for white women. Johnson considered African-American women in the 30 to 39 years age category to represent a high-risk group \[[@B30]\]. On average, approximately 5.7% of Caucasians and 12.4% of African Americans with breast cancer present under the age of 40 years, and 17.3% of Caucasians versus 25.1% of African Americans present in the 40 to 49 years age group \[[@B27],[@B28],[@B31],[@B32]\]). The earlier onset is emphasized by a prominent crossover pattern to the incidence of breast cancer between these two ethnic groups, resulting in a lower incidence among older African American women \[[@B30],[@B33]\].

Biological activities contributing to earlier onset of breast cancer in African American women
----------------------------------------------------------------------------------------------

The increased incidence of breast cancer at a younger age among African American women may be the result of either different susceptibilities, different etiologies, and/or acceleration of the development and presentation of breast cancer among young African Americans. Recent genome-wide association studies have identified a common risk variant at the *TERT-CLPTM1L*locus on chromosome 5p15 (OR = 1.25, *P*= 1.1 × 10^-**9**^), which was present at greater frequency in African Americans than in women of European ancestry, and was significantly associated with TN breast cancer in younger women (aged \<50 years; OR = 1.48, *P*= 1.9 × 10^-**9**^) \[[@B8]\]. A genetic variant in the *LOC643714*gene has also been identified that is African American specific and is associated with a 23% increased risk for breast cancer in African American women (OR 1.23, 95% CI 1.05 to 1.44) \[[@B34]\].

The greater breast cancer risk among African American women aged \<35 years has suggested the possibility that breast cancers diagnosed at very young ages may be etiologically distinct. Chen and colleagues \[[@B5]\] raised the possibility that the carcinogenic insult to the target cell may be more profound for black than for white women, or possibly represents racial differences in the metabolism of carcinogens. In support of this, estrogen is a known carcinogen for breast cancer \[[@B35]\], and studies examining single nucleotide polymorphisms (SNPs) in genes involved in estrogen metabolism or action identified a *Msp1*polymorphism in the *CYP1A1*gene significantly associated with breast cancer in African Americans (OR 9.7, 95% CI 2.0 to 47.9) but not in Caucasians \[[@B9],[@B10]\], and others have reported the *HSD17B1*312 Gly allele was specifically associated with premenopausal breast cancer risk in African Americans (OR 3.00, 95% CI 1.29 to 6.99) \[[@B9]\]. The higher incidence of basal-like tumors in African American than in Caucasian women has also suggested a distinct etiology \[[@B17],[@B36]\].

There is evidence for the presence of molecular abnormalities that are associated with greater proliferation of breast cancer in African American than in Caucasian women (Figure [2](#F2){ref-type="fig"}), potentially accelerating the development, appearance, and timing of breast cancer. These abnormalities include an increased incidence of ER-negative and TN breast cancer, an increased incidence of high grade breast cancers, and an increased incidence of alterations in a variety of cell cycle regulatory proteins, including cyclin E, and an increased loss of critical tumor suppressor genes, including *p53*, *RASSF1A*, *RARβ*, and *HIN-l*. African American women have an increased incidence of high grade tumors, which are commonly associated with high proliferative rates (see below, section on more aggressive histologic characteristics). There is a higher incidence of ER-negative and TN/basal-like (ER-/progesterone receptor (PR)-/HER2/neu-) tumors in African American compared with Caucasian women \[[@B7],[@B11]-[@B13],[@B16]\]. Basal-like tumors are homogeneously highly proliferative and likely to grow quickly, a result in part of common deficiencies in retinoblastoma and p53 proteins \[[@B36]\]. Breast cancer in African American women is characterized by enhanced expression of cyclin E \[[@B17]-[@B19]\], which regulates entry into S-phase. Increased levels of cyclin E may reflect disruption of alternative pathways, resulting in unrestrained cell proliferation \[[@B17],[@B37]\]. High levels of cyclin E expression are also associated with larger, ER-negative tumors, consistent with tumors in African American women \[[@B38]\]. The tumor suppressor gene p53, an important regulator of cell cycle progression and DNA damage repair, has been found to be mutated in African American breast cancer in most \[[@B17],[@B18],[@B39],[@B40]\], but not all, studies \[[@B13]\]. Expression of mutant p53 protein is associated with high tumor proliferation rate \[[@B41]\]. If there is an increased estrogenic carcinogenic potential in these women, and this is combined with enhanced proliferation, reduced DNA damage repair, and the accumulation of genetic errors, this could facilitate initiation and development of tumors in these women.

![**Cell cycle phases and the regulatory components important in breast cancer disparities**. Abnormalities (highlighted in red) have been identified in multiple regulatory components of the cell cycle in the breast cancer of African American compared with Caucasian women. These include cyclins A, B, D, and E, p16/INK4A, the tumor suppressor genes *p53*and *RASSF1A*, as well as endogenous hormones and growth factors. Retinoblastoma protein (pRb) has not been studied in African American breast cancer, but evidence suggests this may be altered as well.](bcr3429-2){#F2}

The tumor suppressor gene *RASSF1A*modulates multiple apoptotic and cell cycle checkpoint pathways, restricting exit from G1 \[[@B42]\]. *RASSF1A*in breast cancer among women aged \<50 years was found to be methylated in 76% of cases of African American women versus 29% of cases of Caucasian women (*P*\< 0.0001) \[[@B21]\]. *RARβ*(trend, *P*= 0.01) and *HIN-1*(*P*\< 0.0001) are more often methylated in the tumors of African American women \[[@B21]\]). RARβ causes cell cycle arrest, growth inhibition and induction of apoptosis, and HIN-1 in cycle reentry \[[@B43]\]. Breast cancer in young women is also considered to be a distinct biological entity, enriched with abnormalities in genes involved in extracellular signal-related kinase and phosphoinositide 3-kinase signaling \[[@B44],[@B45]\]. Insulin-like growth factor (IGF)-1 (which is increased in the plasma of premenopausal African American women \[[@B3]\]) acts through the phosphoinositide 3-kinase signaling pathway, providing a mechanism for further enhancement of these tumors. These G1/S abnormalities are accompanied by evidence of increased proliferation in the tumors of African American women, including increased Ki-67, \[[@B39],[@B46]\] increased progression into S-phase \[[@B13],[@B46]\], and higher quantitative gene expression of all five genes in the Oncotype Rx proliferation group (*CCNB1*, *MKI17*, *MYBL2*, *BIRC5*(*P*\< 0.05), *AURKA*(*P*= 0.051) \[[@B47]\].

Together, these findings indicate that the breast cancer of African American women contains multiple biological abnormalities that may represent a different mutational landscape of breast cancer than in Caucasian women, and that is associated with accelerated proliferation and growth, and could play an important role in the earlier appearance of breast cancer in African American women.

Nonbiological activities contributing to earlier onset of breast cancer in African American women
-------------------------------------------------------------------------------------------------

There is good evidence for the presence of nonbiological factors in African American women that may influence the activity of biological processes to promote the early onset of breast cancer. These are primarily reproductive factors that may serve to promote or inhibit the biological processes, but may include confounding socioeconomic factors as well. Multiple childbirths and earlier initiation of childbearing are more common among African American women \[[@B4]-[@B7]\]. This may confer a more prominent carcinogenic insult and an increased risk for breast cancer among African American women. A short-term increase in the risk for breast cancer occurs following full-term pregnancy \[[@B48]\], and several authors have proposed that if African Americans have children at intervals of 3 years or less, and have multiple children at younger ages, the higher prevalence of this factor could serve to elevate the risk for younger African Americans \[[@B4],[@B49]\]. Full-term pregnancy is characterized by a significant elevation of growth hormone, which can cause oncologic transformation \[[@B50]\], and IGF-1, which is a known risk factor for breast cancer \[[@B51]\]. IGF-1 is an important mitogen for breast cancer, and elevated levels through multiple pregnancies could further accelerate growth and the appearance of breast cancer in these women. Estrogens and IGF-1 plasma levels are alsoelevated in premenopausal African American women versus Caucasian women (*P*\< 0.01) \[[@B3]\], and would be expected to enhance cell cycle progression, especially in cells in which the G1/S checkpoint is compromised by loss of tumor suppressor genes and elevation of cyclin E.

Breastfeeding and waist-hip ratio (a measure of adiposity) are important nonbiological (reproductive and socioeconomic) factors associated with breast cancer risk in African American women. Millikan and colleagues \[[@B52]\] found younger African-American women had a higher prevalence of each of the principal risk factors for basal-like breast cancer: higher parity, lower breast-feeding, higher parity combined with lower breastfeeding, greater use of lactation suppressants, and elevated waist-hip ratio. Women with multiple live births who did not breastfeed and women who used medications to suppress lactation were at increased risk of basal-like breast cancer. Li and colleagues \[[@B53]\] also demonstrated that socioeconomic status had a bigger impact on breast-feeding practice among African Americans.

Together, these findings suggest an important interaction between reproductive factors, socioeconomic and cultural factors and biological activities in the initiation and development of breast cancer in young African American women. These nonbiological factors may act in a promotional manner, such as the hormonal mediation of pregnancy (and perhaps adiposity), in an inhibitory manner, such as through breastfeeding, or through confounding factors, such as socioeconomic and cultural patterns. The ability of cultural factors to influence breastfeeding illustrates the potential interaction among nonbiological factors, as suggested by the model. Importantly, many of these factors are modifiable, which emphasizes the importance of their identification among these young women.

Stage of presentation of breast cancer
======================================

Evidence for presentation of breast cancer at a more advanced stage in African American women
---------------------------------------------------------------------------------------------

African American women with breast cancer present at a more advanced stage, with less localized and more regional disease than Caucasian women. African American women are significantly more likely to receive a diagnosis at a regional stage than Caucasians in all age groups (\<40, 40 to 49, \>50 years), and among African American women, those aged \<40 years, compared with women in other race-age subgroups, were more likely to be diagnosed at a regional stage \[[@B54]\]. This disparity extends to all degrees of tumor involvement, from tumor size, to localization within the breast, to regionally advanced disease, to stage IV breast cancer with distant metastatic disease \[[@B2],[@B13],[@B39],[@B55],[@B56]\]. It has been shown that African American females had less early stage disease in every age group for each ER status and had more late-stage disease in every age group for all breast tumors and ER-positive tumors only \[[@B57]\]. These findings have been observed following analysis of both regional and national registries \[[@B26],[@B56]\]. Porter and colleagues \[[@B17]\] found the weighted odds that African American women had AJCC stage III/IV rather than stage I disease were three times (OR 3.0, 95% CI 1.5 to 5.7) the corresponding odds for white women. The age-adjusted rates for inflammatory breast cancer, a very aggressive form of breast cancer, were also approximately 1.4-fold greater than in Caucasians, and the age-specific rates among African Americans were greater than among Caucasians at all ages \[[@B58]\].

Biological activities contributing to presentation at a more advanced stage of breast cancer in African American women
----------------------------------------------------------------------------------------------------------------------

The presentation of breast cancer at a more advanced stage in African American women may be the result of significant biological abnormalities promoting tumor proliferation, as well as the higher incidence of more aggressive forms of breast cancer, including TN, ER-negative, and high grade tumors, which are associated with a higher stage. Multiple molecular abnormalities have been identified in cell cycle proteins and tumor suppressor genes, including cyclin E \[[@B17]-[@B19]\], p53 \[[@B41]\], RASSF1A \[[@B21],[@B42]\], RARβ, HIN-1 \[[@B21]\], and proliferative gene signatures \[[@B47]\], which enhance proliferation and would be capable of propelling these tumors to a larger size and more advanced stage. The contribution of these abnormalities to enhanced proliferation was discussed in the preceding section on early age of onset. TN tumors \[[@B11],[@B19],[@B59]\] and ER-negative tumors \[[@B7],[@B12]-[@B14],[@B16]\] are more common in African American women. TN tumors are associated with a larger tumor size and higher incidence of axillary node positivity \[[@B60]\]. ER-negative tumors are larger, present at a more advanced disease stage, and are more likely to present with axillary lymph node metastases \[[@B61]\]. High grade tumors, more common in African American women, are significantly associated with higher disease stage \[[@B62]\]. Interestingly, the tumors of African American women have a trend toward a greater incidence of methylation of RARβ \[[@B21]\], which has been shown to be associated with a higher incidence of sentinel lymph node metastasis \[[@B63]\].

Nonbiological factors contributing to presentation of breast cancer at a more advanced stage in African American women
----------------------------------------------------------------------------------------------------------------------

Multiple nonbiological factors have been identified in each of the three corresponding categories of Figure [1](#F1){ref-type="fig"} and these may serve to influence the biological activities and the disparity of advanced stage. These may act to promote or facilitate these events or act as confounding factors, and this process is further encouraged by multiple interactions between these factors. Clinical studies have indicated an important role for a delay in diagnosis and the multiple factors contributing to this delay, which would allow for continuing activity of the tumor molecular properties and increased time for tumor progression. It has been estimated that, among women with private health insurance, the mean diagnostic delay time was 55 days for African American women versus 43 days for Caucasian women \[[@B64]\]. In another study, \>25% of African American women experienced 3 or more months of clinical delay \[[@B65]\]. This is a considerable period of time during which tumors with multiple aggressive characteristics, especially multiple proliferative molecular changes, may progress. Stage at presentation measures the impact of events affecting diagnosis, and these may be multiple \[[@B57]\], including access to health care and the lack of a mammogram \[[@B55]\], socioeconomic variables plus cultural belief and attitude variables \[[@B66]\], lower frequency of, and longer intervals between, mammograms and lack of timely follow-up of suspicious results \[[@B67]\], and method of disease detection and access to health care \[[@B28],[@B56]\]. This is well summarized by Joslyn and West (\[[@B26]\] and references therein), who noted that lower socioeconomic status, including variables such as low income, no private health insurance, lack of transportation, and lack of access to health care, is associated with less cancer screening, delay in the diagnosis of cancer, and more advanced tumor stage at the time of diagnosis. TN tumors are more likely to be detected through clinical examination than through mammography and ultrasound, which may reflect a more rapid growth rate or may be due to intrinsic differences in detectability \[[@B68]\]. TN breast cancers are also more likely than other breast cancers to present in the interval between regular mammograms, which may relate to differences in the density of breast tissue in women with TN breast cancer, or to more accelerated growth \[[@B69]\].

The nonbiological factors of breastfeeding, obesity, and plasma hormone levels may also promote a more advanced stage of breast cancer. Lack of breast feeding, as noted above, is more common in African American women and may be associated with a greater incidence of TN tumors \[[@B52]\] and an accompanying advanced stage. Obesity is also more prevalent in African American women and has been associated in some \[[@B62],[@B70]\], but not all \[[@B71]\], series with advanced stage of breast cancer. Elevated plasma IGF-1 and estradiol levels, present in premenopausal African American women \[[@B3]\], may promote tumor proliferation and thus, potentially, tumor size and tumor stage.

Together, these findings indicate that biological and nonbiological factors may influence progression of breast cancer to a more advanced stage in African American women. The biological factors may act to increase tumor size and/or lymph node metastases. The nonbiological factors interact with the biological factors in a variety of ways: they may act more directly through reproductive factors; they may act to facilitate biological activity through a variety of health care deficiencies that result in a delay in diagnosis and treatment; or they may act through confounding factors such as socioeconomic deficiencies and cultural beliefs. The large number of nonbiological factors that may contribute, especially the many events that may result in a delay in diagnosis, illustrate the potential magnitude of the problem, as well as the number of pathways (from nonbiological factors to biological factors to advanced stage) that must be addressed to reduce the outcome of this disparity. Lastly, it should be noted that several of the factors influencing more advanced stage also played a role in promoting the earlier onset of breast cancer, including the molecular factors promoting increased proliferation, ER and TN tumors, and reproductive factors. As suggested in the model, this indicates the multiple consequences of some of these abnormalities and the close relationship of some of the disparities to each other.

Aggressive histologic characteristics of breast cancer
======================================================

Evidence for more aggressive histologic characteristics in African American breast cancer
-----------------------------------------------------------------------------------------

African American women are at increased odds of having a higher grade tumor, with a higher mitotic index, marked tumor necrosis, more poorly differentiated, and less well defined tubular formation then Caucasian women \[[@B5],[@B17],[@B54],[@B72],[@B73]\]. It was noted above that African Americans have a higher incidence of basal-like tumors, and it has been shown that basal-like tumors, compared to luminal A tumors, have more *TP53*mutations (44% versus 15%, *P*\< 0.001), a higher mitotic index (OR 11.0, 95% CI 5.6 to 21.7), more marked nuclear pleomorphism (OR 9.7, 95% CI 5.3 to 18.0), and higher combined grade (OR 8.3, 95% CI 4.4 to 15.6) \[[@B74]\]. Many series \[[@B17],[@B25],[@B26],[@B54]\] but not all \[[@B5]\] have also found a higher prevalence of medullary carcinomas and a lower prevalence of lobular carcinomas in African American than Caucasian women. Breast cancer is most commonly the infiltrating ductal type in both African American and Caucasian women \[[@B5],[@B17],[@B54],[@B73]\].

Biological activities contributing to presentation with more aggressive histologic features in African American women
---------------------------------------------------------------------------------------------------------------------

There is evidence for abnormalities in the breast cancer of African American women that affect several biological processes and may contribute to the more advanced histologic characteristics. The presence of molecular changes that contribute to enhanced proliferation and growth were reviewed previously in the sections discussing biological activities contributing to early age of onset and to more advanced stage at presentation. When rapid growth exceeds the blood supply of the tumor, central necrosis may result, a common finding in these tumors. Porter and colleagues \[[@B17]\], for example, found the constellation of low expression of cyclin D1, and overexpression of cyclin E, p16, and p53 at diagnosis were associated with increased odds of having a higher-grade tumor, a higher mitotic index, and marked tumor necrosis. Increased cyclin E expression, characteristic of breast cancer in African Americans, is associated with ER-negative, high grade tumors in younger women \[[@B75]\]. Martin and colleagues \[[@B18]\] observed increased expression of cyclin B, which controls G2-M transition and is required for mitosis, in the tumors of African American women. Enhanced expression of cyclin B has been shown to be associated with high grade, advanced stage tumors \[[@B76]\]. The enhanced proliferation rate would also decrease the time for DNA damage repair and increase the accumulation of genetic errors in multiple signaling pathways, which would be further compounded by the higher incidence of p53 mutations resulting in an important loss of DNA damage control and repair. It has been shown that African American women with breast cancer had significantly higher ionizing radiation-induced gamma-H2AX phosphorylation levels in peripheral lymphocytes than Caucasians (*P*\< 0.05),particularly in the younger age group (\<50 years) and higher body mass index (\>25 kg/m^2^), suggesting an increased potential for carcinogen-induced double-strand breaks, chromosome aberrations and genomic instability in African American women \[[@B77]\]. Aneuploidy is common in high grade tumors \[[@B78],[@B79]\], and loss of p53 also results in an increased incidence of centrosome duplication, an important cause of chromosome missegration and aneuploidy \[[@B80]\]. A difference in the frequency of copy number alterations, reflecting chromosomal instability, between tumors of African American and Caucasian women has also been demonstrated \[[@B23]\].

The higher incidence of TN tumors in African American women also contributes to, and may partially explain, the increased incidence of a more aggressive histology in these women. Basal-like tumors have the highest prevalence of unfavorable histologies (metaplastic, anaplastic, undifferentiated high grade) \[[@B74]\]. Carey and colleagues \[[@B74]\] suggested that the association of race with high-grade breast tumors and ER negativity is driven by the increased prevalence of basal-like tumors. Basal-like tumors have distinct gene expression profiles \[[@B36],[@B81]\] and have many cell cycle abnormalities (high expression of p16, p53, and cyclin E, and low cyclin D1 expression) \[[@B19]\], which are associated with the other disparities, and thus might be expected to contribute broadly to the phenotypic changes in the tumors of African American versus Caucasian women. There is thus a range of biological abnormalities in the breast cancer of African American women that could contribute to mitotic defects, aneuploidy, an increase in histologic grade or dedifferentiation, increased nuclear grade, pleomorphism, and central necrosis, all characteristics of histologically more aggressive tumors observed in African American breast cancer.

Nonbiological activities contributing to presentation with more aggressive histologic features
----------------------------------------------------------------------------------------------

Nonbiological factors may influence the histologic pattern of African American breast cancer, but appear to play a more limited role than in other disparities. Essentially all of the studies examining this question found the disparity of more aggressive histologic features to be only partially reduced after adjustment for age, stage, and other nonbiologic factors \[[@B5],[@B17],[@B72],[@B73]\]. Chen and colleagues \[[@B5]\] studied histologic characteristics and their relation to nonbiological factors in 963 women. They reported tumor characteristics (high grade nuclear atypia, high mitotic activity, grade 3 tumors, and necrosis) persisted after adjustment for age, stage and metropolitan area, groups of socioeconomic factors (marital status, education, poverty index, and occupation), host factor and lifestyle (body mass index, smoking, and alcohol consumption), reproductive factors (parity, age at first pregnancy), and health care access and utilization (usual source of care and insurance coverage). Porter and colleagues \[[@B17]\] found partial reduction in the OR from 5.3 (95% CI 2.4 to 11.8) to 4.3 (95% CI 1.7 to 9.2) for histologic grade with adjustment for age and stage. Consistent with this, they also found that adjustment for stage and age resulted in the partial reduction of the OR for cyclin E (OR 4.3, 95% CI 2.0 to 9.2) and p53 (OR 1.7, 95% CI 1.0 to 2.9) in the breast cancer of African Americans, suggesting an important link between biological activities, nonbiological factors and the disparities. Elmore and colleagues \[[@B72]\] reported that controlling for the method of detection removed the racial difference in the presence of vascular and lymphatic invasion; however, the racial differences in the presence of necrosis remained even after controlling for differences in income, insurance, and method of detection. In another study, adjustment for age and stage corrected for aneuploidy, and for combined grade (architectural, mitotic, nuclear) in older women aged 60 to 74 years but not for combined grade in the 20 to 39 and 40 to 59 years age groups \[[@B73]\]. The finding that adjustment for these nonbiological factors was incomplete for aggressive histologic features suggests the influence of many nonbiological factors on this disparity may be less than on early age of onset or stage of presentation. If correct, this would suggest an important feature of the proposed model, that the nonbiological events influencing one disparity may differ (in part) from those influencing another. The possibility that the incomplete adjustment represents lack of inclusion of other potentially important confounding factors, however, cannot be excluded.

Breast cancer mortality
=======================

Evidence for a worse survival from breast cancer in African American women
--------------------------------------------------------------------------

African American women with breast cancer have higher mortality rates when analyzed according to localized or regional disease \[[@B2],[@B25],[@B54],[@B82]-[@B84]\], according to stage of presentation \[[@B26],[@B27],[@B57],[@B85]\], among all age groups \[[@B54],[@B57],[@B83],[@B86]\], in premenopausal versus postmenopausal women \[[@B87]\], and in ER-negative and ER-positive tumors \[[@B19],[@B27],[@B57]\].In the period 2003 to 2007, African American women had a 39% higher breast cancer death rate than Caucasian women, despite a lower incidence rate \[[@B2]\].

Biological activities contributing to increased mortality for breast cancer in African American women
-----------------------------------------------------------------------------------------------------

The biological abnormalities that are more pronounced in the primary tumor of African Americans, in addition to contributing to early onset, advanced stage of presentation, and aggressive histology, may have important adverse effects on survival. These include reduced expression of cyclin D \[[@B17],[@B19]-[@B21]\], enhanced expression of cyclin E \[[@B17]-[@B19]\], enhanced expression of p16/INK4A (p16) \[[@B17]-[@B19]\], enhanced expression of p53 \[[@B22]\], reduced expression of RASSF1A \[[@B21]\], and increased expression of cyclins A and B \[[@B18]\]. Mehrotra and colleagues \[[@B21]\] examined DNA methylation of genes in breast cancer and observed that African American women aged \<50 years with ER-negative tumors had a significantly higher frequency of hypermethylation of cyclin D2 (64% versus 19% in Caucasian women), which was significantly associated with cancer-related death (hazard ratio 3.82, *P*= 0.01). This is consistent with Gillett and colleagues \[[@B88]\], who found decreased cyclin D1 protein expression together with negative ER status was associated with a poor prognosis in breast cancer. Overexpression of p16, which binds to CDK4/6 to prevent cyclin D binding, has been observed in tumors of African American compared with Caucasian women \[[@B17]-[@B19]\] and is associated with a worse prognosis, an aggressive breast carcinoma phenotype, poor clinical outcome, and poor outcome in patients treated with specific chemotherapy regimens, suggesting that altered expression can also affect response to therapy (\[[@B17]\] and references therein).

Cyclin E partners with CDK2 to regulate the G1/S phase transition, and overexpression of cyclin E can accelerate G1 phase of the cell cycle \[[@B89]\]. Increased cyclin E expression is associated with higher grade/stage breast cancers, and increased mortality \[[@B76]\]. Importantly, abnormalities of cyclin D and cyclin E frequently occur together \[[@B17]\]. Nielsen and colleagues \[[@B90]\] found 25 out of 34 tumors with overexpression of cyclin E to have uniform low cyclin D1 expression, and tumors with high cyclin E and low D1 expression were generally ER-negative. Among 114 primary breast cancer specimens, the group of patients with tumors showing high cyclin E and low D1 expression had the worst prognosis \[[@B90]\]. Cyclins A and B function in S-phase, G2, and early mitosis. Martin and colleagues \[[@B18]\] demonstrated that CDKN2A (p16; which complexes with cyclin A), cyclin A2 and cyclin B1 were expressed at significantly higher levels (*P*\< 0.01) in the tumor epithelium of African Americans than in European Americans. Elevated cyclin A2 is associated with high recurrence and significantly shorter disease-free survival periods \[[@B91]\], and elevated cyclin B1 is a predictor of poor outcome and associated with poor survival in breast cancer \[[@B92],[@B93]\].

The tumor suppressor gene *p53*is frequently mutated in breast cancers of African Americans (see above, section on early age of onset), and in addition there is evidence that the pattern of p53 mutations in African American women is different from that in Caucasian women \[[@B94],[@B95]\]. In the study by Shiao and colleagues \[[@B94]\] G:C to A:T transitions at non-CpG sites were found in 80.0% of blacks and 62.3% of whites, with significantly poorer survival associated with *p53*gene alterations being observed for blacks (*P*= 0.012), but not for whites, suggesting that the types of *p53*gene alterations may contribute to the racial difference in breast cancer survival. A recent study found p53 status to be an independent predictor of survival after adjustment for stage, tumor grade, and subtype, and indicating p53 may be useful in identifying African American women at high risk of breast cancer mortality \[[@B22]\].

TN breast cancer is more common in African Americans, and is associated with a worse survival than other subtypes \[[@B11],[@B96]\]. It also shares some biological abnormalities with other tumors (cyclin E, p53, p16, cyclin D) \[[@B19]\]. However, it has been shown that the outcomes in premenopausal African American cases did not become more similar to the other groups when basal-like cases were removed, suggesting that factors other than subtype could also be influencing survival in younger African American women \[[@B74]\].

Abnormalities in other genes have been identified that may be associated with a worse prognosis in African American women. Methylation of the tumor suppressor gene *RASSF1A*has been observed, especially in ER-/PR- tumors of young (aged \<50 years) African American women \[[@B21]\]. Studies, including a meta-analysis, have indicated that *RASSF1A*promoter hypermethylation confers a higher risk of relapse and a worse survival in patients with breast cancer \[[@B24]\]. Lastly, abnormalities in chromosome copy numbers have been identified in African American tumors, with twice the frequency of copy number gain in 13q31-13q34 for TN tumors for African American (20%) versus Caucasian (9%) women \[[@B23]\]. This locus contains two \'driver\' genes, cullin4A (*CUL4A*) and transcription factor Dp-1 (*TFDP1*), both of which have been associated with shorter overall and disease-free survival. Together, these findings suggest multiple molecular abnormalities in the breast cancer of African American women that may contribute to a worse survival compared to Caucasian women. In addition, these molecular abnormalities provide a range of opportunities for interaction with nonbiological factors to further influence outcome of this disparity.

Nonbiological activities contributing to increased mortality for breast cancer in African American women
--------------------------------------------------------------------------------------------------------

The increased mortality from breast cancer in African Americans compared with Caucasians may be influenced, at least in part, by multiple nonbiological factors, especially those involving health care availability and socioeconomic factors. The magnitude of their contribution has been clarified by a large number of studies examining the impact of adjustment for given nonbiological factors on mortality. These studies are reviewed in Table [1](#T1){ref-type="table"} and it can be seen that, in virtually all cases, adjustment for even multiple factors may lead to partial but still incomplete improvement in outcome. Importantly, these include adjustment for the major prognostic indicators for breast cancer - age, stage, histology, and ER-negative and TN tumors - as well as for all major components of access to health care and delivery, comorbidity, treatment, and many socioeconomic factors. This is well summarized by van Ravesteyn and colleagues \[[@B97]\], who examined models that accurately reproduced observed breast cancer incidence, stage and tumor size distributions, and felt the higher mortality for African American women could be attributed to differences in natural history parameters (26% to 44%), use of adjuvant therapy (11% to 19%), and uptake of mammography screening (7% to 8%); however, 38% to 46% remained unexplained.

###### 

Effect of adjustment for clinical and demographic factors on survival outcome in African American breast cancer

  Reference                           Adjusted factors                                                                                                                                                                Effect on survival
  ----------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Field *et al.*\[[@B84]\]            Unfavorable tumor characteristics (age at diagnosis, stage, grade, tumor size, and ER and progesterone receptor status, treatment, health insurance, access to health care)     Controlling for these characteristics did not fully explain the higher risk of breast cancer death
  van Ravesteyn *et al.*\[[@B97]\]    Natural history parameters (stage distribution and survival in the absence of screening and adjuvant treatment), use of adjuvant therapy, and uptake of mammography screening   Despite adjustment, 38 to 46% of higher breast cancer mortality remained unexplained
  Curtis *et al.*\[[@B100]\]          Mammography screening, tumor characteristics at diagnosis, biologic markers, treatment, comorbidity, and demographics (type of community, income)                               Controlling for predictor variables reduced, but did not eliminate, the breast cancer survival disparities for stage II/III disease
  Carey *et al.*\[[@B74]\]            Basal-like cases                                                                                                                                                                The breast cancer-specific survival outcomes in premenopausal African American cases did not become more similar to the other groups when basal-like cases were removed
  Boyer-Chammard *et al.*\[[@B25]\]   Age, stage, histology and treatment                                                                                                                                             Black patients had a higher risk of death from breast cancer relative to non-Hispanic white patients even when data were adjusted for age, stage, histology and treatment
  Adams *et al.*\[[@B27]\]            Age, insurance, stage, Elston grade, ER, and HER2                                                                                                                               After controlling for age, insurance, stage, Elston grade, ER, and HER2, African American women still had a higher risk of death from both breast cancer and all-cause mortality
  Lund *et al.*\[[@B19]\]             Triple-negative subtype - age, stage, grade, poverty index                                                                                                                      Correction for age, stage, grade, poverty index had no effect on the all-cause mortality
  Porter *et al.*\[[@B17]\]           Age and stage                                                                                                                                                                   Observed differences for cyclin E, p16, p53, cyclin D1 between tumor specimens were independent of stage and age at diagnosis

ER, estrogen receptor.

Table [1](#T1){ref-type="table"} contains many of the promotional, facilitatory and confounding factors described in the model and for which adjustment was made in the different studies, either directly or through correction for age, stage and histology. The incomplete adjustment by these factors underscores the complexity of factors contributing to the survival disparity. There may, however, be several possible explanations for this failure of adjustment. First is the possibility that nonbiological factors may interact with each other, as is suggested in Figure [1](#F1){ref-type="fig"}, and certain factors may have a greater effect in combination with other factors than either alone, and the simple adjustment for each separately may not identify and correct for this influence. Second are unrecognized promotional reproductive and other factors. For example, African Americans have greater parity, beginning at a younger age and at shorter intervals, and have a higher incidence of breast cancer at a younger age. It has been shown that women whose last birth occurred within \<2 years of diagnosis of breast cancer had a worse survival (48.2% died) compared with women whose last birth occurred 5 or more years after diagnosis (24.4% died; *P*= 0.02) \[[@B98]\]. This increased predictor of mortality remained after adjustment for tumor characteristics and treatment. Third are potentially unique molecular events contributing to mortality that do not contribute to age, stage, or histology. Intuitively, the molecular abnormalities affecting survival must ultimately be associated with disseminated disease and may thus possess characteristics in addition to those influencing early onset, advanced stage, or aggressive histology. These might include events regulating epithelial-mesenchymal transition \[[@B99]\], a critical event in initiating metastases. African American versus Caucasian breast cancer has not been studied for differences in epithelial-mesenchymal transition biology. If differences do exist, they may also occur very early in breast carcinogenesis and be amenable to influence by non-biological factors in addition to those already described. These are important questions for future studies. Importantly, as this information becomes available, the model has been designed with flexibility to include new biological or nonbiological factors as they are identified to further clarify factors influencing the disparities.

Conclusion
==========

African American women with breast cancer have a worse outcome than Caucasian women according to four breast cancer characteristics: earlier age of onset, more advanced stage, more aggressive histologic features, and worse survival. The outcome of a disparity is considered to result from the influence of both biological activities and nonbiological factors. A model has been proposed to indicate the important relationship of the biological and nonbiological factors to each other and to the disparity. This model proposes that the development and outcome of these disparities is primarily determined by a variety of biological abnormalities of the primary tumor that are more common in African American than Caucasian women. The biological activities are versatile, and each may contribute to one or more disparity. The nonbiological factors include a variety of reproductive, health care access and socioeconomic factors that may act to promote or inhibit, to facilitate, or to act as confounding factors for biological activities. The nonbiological factors may also interact with each other to further influence outcome, and there is evidence to suggest that certain nonbiological factors may influence the outcome of some disparities more than others. As our knowledge and understanding of these disparities advances, additional biological differences and nonbiological factors will be identified. The proposed model has been designed with flexibility to incorporate additional biological and non-biological factors to further clarify the initiation and development of the disparities. Ultimately, it is hoped this model will facilitate identification of targets that may be modified to reduce or eliminate these disparities.

Finally, while the proposal and conclusions in this review are based on a large number of studies, one must recognize the potential influence of the heterogeneity of breast cancer and the diversity of these ethnic populations. It has been proposed that the disparities in outcome for breast cancer are the result of differences in the biological and nonbiological factors between African American and Caucasian women. The possibility that these differences could be explained by tumor heterogeneity or population genetics or structure should also be considered. Recent studies have demonstrated the heterogeneity in the mutational pattern of breast cancer and the limited number of driver genes that may be mutated in a given tumor; however, these sequencing studies were done without regard to ethnicity. It has been proposed in the present review that there may be different etiologies or different reproductive patterns according to race, and thus one might expect differences in the heterogeneity of gene expression between the races. Whole genome sequencing and expression studies are needed to further define how these differences may contribute to the disparity. It is also important to recognize that captured among African American women as a category for data collection are blacks from the Caribbean, Africa and other parts of the world where there are women of African descent. This tremendously diverse group is influenced by many factors that likely influence prevention, treatment, adherence and overall survival. Similarly, the genome-wide association studies provide evidence for a potential genetic influence for breast cancer disparities between African American and Caucasian women. The degree to which population structure and confounding variables influence these findings is unclear, and clarification of population characteristics will be important. This having been said, there appears to be strong evidence for the influence of the biological activities of the primary tumor and nonbiological factors on the outcomes of the disparities, and for the proposed model describing these relationships. Future studies, especially those that address whole genome abnormalities, population genetics and population structure of these ethnic groups, should further clarify the initiation and development of these important disparities.
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